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Method of steering aircraft by moving the stagnation point 
and aircraft using the method. 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a method of steering an aircraft 
comprising a housing and fan means. 

[0002] The invention also relates to an aircraft comprising a housing 
and fan means. 

BRIEF DESCRIPTION OF THE INVENTION 

[0003] Publication WO 01/94 199 discloses an aircraft provided with 
a housing that is circular in shape as viewed from above. Rotatable rings com- 
prising vanes provided with adjustable blade angles are arranged about the 
housing. Rotating the rings and adjusting the blade angles appropriately allow 
the aircraft to lift in the vertical direction. After take-off during level flight the 
vanes in the rings are turned in the horizontal direction and the jet engines at 
the sides of the housing generate forward thrust during level flight. Separate 
means are therefore used during take-off and level flight, whereby the aircraft 
has to employ various mechanisms. Consequently the aircraft becomes com- 
plex and therefore difficult and expensive to implement. Furthermore, the 
steering of the aircraft at different operational stages becomes extremely com- 
plicated and difficult. 

[0004] Publication WO 86/04 874 also shows an aircraft that is cir- 
cular in shape viewed from above. The aircraft in question comprises engines 
at the upper surface thereof that provide a flow above the surface of the air- 
craft. The flow tends to provide lift on the upper surface. It is extremely difficult 
to make such an aircraft operate reliably enough and so that it provides ade- 
quate lift. In addition, steering such an aircraft is very complicated and difficult 

[0005] US patent 3 785 592 discloses an aircraft comprising a pro- 
peller at the highest level. The propeller is used to direct air downwards along 
a channel. The channel bends towards the side. During level flight the aircraft 
should be steered by closing flaps on the annular output of the channel at de- 
sired positions. The structure of such an aircraft is very complex and difficult to 
implement and also difficult to steer. 

[0006] Publication EP 0 534 611 shows an aircraft comprising in the 
middle of the aircraft an inlet opening upwards, from which air is sucked by a 
rotor inside the housing. The rotor discharges the air through a circular open- 
ing on the outer circumference of the aircraft. The blade directing the flow is 
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arranged on the outer circumference. The structure of this aircraft is also very 
complex and the steering thereof is complicated and difficult. 

[0007] It is an object of the present invention to provide a new type 
of method of steering an aircraft, and an aircraft. 

[0008] The method according to the invention is characterized by 
forming circulation using the fan means and directing the circulation along the 
housing and by steering the aircraft by controlling the circulation and a stagna- 
tion point associated with the circulation. 

[0009] The aircraft according to the invention is characterized in that 
the fan means are such that they provide adjusting the blow direction and 
blowing force of the air flow such that air circulation is achieved and said circu- 
lation is directed along the housing and that the fan means are arranged to 
direct the circulation and to control the position of a stagnation point associated 
with the circulation. 

[0010] It is an essential idea of the invention to achieve the different 
operating states of the invention such as take-off and level flight using the 
same operationally inter-connected means. The aircraft comprises means, by 
which the circulation of air is achieved and said circulation is directed along the 
housing. The circulation is achieved by fan means that enable to adjust the 
blow direction and blowing force of the flow. A stagnation point associated with 
the circulation can also be formed if required below the housing and the aircraft 
can be steered by controlling the circulation and the position of the stagnation 
point. The aircraft provides such advantages that the structure thereof is main- 
tained reasonably simple and despite thereof the movements and operational 
states of the aircraft remain versatile. In addition the efficiency of the aircraft 
becomes extremely good and the effective space within the housing of the air- 
craft becomes large. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention will be described in greater detail in the ac- 
companying drawings, in which 

Figure 1 schematically shows a side view of an aircraft during take- 
off, 

Figure 2 shows the aircraft of Figure 1 during slow level flight, 
Figure 3 shows the aircraft of Figure 1 during fast level flight, 
Figure 4 shows the aircraft of Figure 1 during landing, 
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Figure 5 shows a top view of the aircraft of Figure 1 during fast level 

flight, 

Figure 6 schematically shows a top view of a second aircraft, 
Figure 7 shows a partly open cut side view of the aircraft of Figure 

6, 

Figure 8 schematically shows a side view of a third aircraft, 
Figure 9 schematically shows a side view of a fourth aircraft, 
Figure 1 0 schematically shows a side view of a fifth aircraft, 
Figure 1 1 schematically shows a top view of fan blades, 
Figure 12 schematically shows a side view of a sixth aircraft, 
Figure 13 schematically shows a side view of a seventh aircraft, 
Figure 14 schematically shows a front view of the aircraft of Figure 

13, 

Figure 15 schematically shows a side view of an eighth aircraft, 
Figure 16 schematically shows a side view of a ninth aircraft, 
Figure 17 schematically shows a side view of a tenth aircraft, 
Figure 18 schematically shows a side view of a eleventh aircraft, 
Figure 19 schematically shows a top view of the aircraft of Figure 

18, 

Figure 20 schematically shows a side view of a twelfth aircraft, 
Figure 21 schematically shows a top view of the aircraft of Figure 

20, 

Figure 22 schematically shows a side view in cross section of a thir- 
teenth aircraft during take-off, 

Figure 23 schematically shows a side view in cross section of the 
aircraft of Figure 22 during slow level flight, 

Figure 24 schematically shows a side view in cross section of the 
aircraft of Figure 22 during fast level flight, 

Figure 25 schematically shows a top view of the aircraft of Figure 

22. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] Figure 1 shows an aircraft comprising a housing 1 that is 
more convex on the upper surface thereof than on the lower surface thereof. 
Upper fan blades 2 and lower fan blades 3 are arranged about the housing 1. 
The upper fan blades 2 are fastened to an upper rotating ring 4 and the lower 
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fan blades 3 are fastened to a lower rotating ring 5. The rotating rings 4 and 5 
enable to rotate the fan blades 2 and 3 about the housing 1. Preferably the fan 
blades 2 and 3 are rotated in opposite directions, whereby the operation of the 
aircraft becomes stable. 

[0013] The aircraft also comprises an upper air spoiler 6 and a 
lower air spoiler 7. Rotating the fan blades 2 and 3 and adjusting the blade an- 
gles thereof enable the fan blades 2 and 3 to direct air between the housing 1 
and the air spoilers 6 and 7. The air spoilers 6 and 7 are immovably fastened 
in relation to the housing 1 . 

[0014] When taking off with the aircraft, the blade angles of the fan 
blades 2 and 3 are arranged to be positive, whereby the upper. fan blades 2 
suck air between the housing 1 and the upper air spoiler 6 and blow the air 
downwards. The lower fan blades 3 moving in the opposite direction suck the 
air downwards and also air between the air spoilers and blow the total flow be- 
tween the housing 1 and the lower air spoiler 7 below the housing. The low 
pressure -P created on the upper surface of the housing 1, the lift of the fan 
blades 2 and 3 and the high pressure +P created below the housing 1 provide 
efficient total lift. 

[0015] As shown above the stagnation point, indicated by SP in the 
figure, is formed below the aircraft 1, in the middle thereof. The stagnation 
point is a point, where the flow rate in connection with the aircraft is minimal 
and the pressure is maximal and where a force is placed upon the surface, for 
example lift or thrust. When an aircraft is ready to leave the ground, pressure is 
created below the housing, and through this lift, which is transversely propor- 
tional to the square of the distance. Consequently, the aircraft easily lifts 
slightly from the ground and reaches what is known as the float height. 

[0016] The aircraft may take off utilizing the float. Thus, the aircraft 
is at first steered to float, in which case the aircraft remains close to the 
ground, but for instance by changing the centre of gravity or by directing the 
blade angles, the position of the stagnation point SP is diverted for example as 
shown in Figure 2 below the rear end of the housing 1 , whereby the horizontal 
movement starts. Then the aircraft moves to the left as viewed in Figure 2. Af- 
ter this, the blade angle of the upper fan blades 2 is arranged in the negative 
direction, whereby air starts to flow in accordance with Figure 2 also between 
the upper air spoiler 6 and the front end of the housing 1 above the housing. A 
low pressure -P is created between the fan blades 2 and 3 in the front end of 
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the aircraft and the aircraft starts to move forward more rapidly. The housing 1 
also starts to provide lift. 

[0017] While the speed increases also the blade angles of the lower 
fan blades 3 are arranged in a negative direction at the rear end of the aircraft, 
whereby an overpressure is created at the rear end of the aircraft providing 
more thrust and speed. Thus, the stagnation point SP is arranged at the rear 
end of the aircraft between the fan blades 2 and 3, i.e. at the tail of the housing 
1 , as shown in Figure 3. The fan blades 2 and 3 also suck air from the rear end 
of the housing, thus preventing the flow from loosening from the surface of the 
rear end of the housing 1. The stagnation point SP has thus been diverted 
from the front of the aircraft to the rear thereof. The same can be implemented 
sideways, whereby the aircraft provides thrust in the sideward direction. Turn- 
ing the operation in the opposite direction, it also becomes possible to brake. 

[0018] Power can be saved during take-off so that the rotating rings 
4 and 5 as well as the fan blades 2 and 3 accelerate at first to an adequate 
speed while the blade angles remain at zero. After this, the blade angles are 
arranged to be positive, whereby take-off takes place by means of the motion 
energy stored in the rotating rings. 

[0019] If the power of the engine is adequate, the aircraft may lift 
vertically upwards without any float. The transfer to horizontal flight takes place 
similarly after all the take-off ways, in other words by arranging at first the 
blade angle of the upper fan blades in the negative direction, as shown above. 

[0020] Landing in all operational states may take place in reverse 
order in respect of the one presented above. Landing may also take place in 
the parachute state shown in Figure 4. Air is then allowed to flow from beneath 
the aircraft as indicated by the arrows in Figure 4. The fan blades 2 and 3 may 
rotate freely, thus stabilizing the landing or the fan blades 2 and 3 may be ro- 
tated in order to achieve the desired steering. In Figure 4, the aircraft finds its 
way to equilibrium itself. 

[0021] Figure 5 shows a top view of the aircraft. The housing 1 of 
the aircraft is of circular shape when viewed from above. Figure 5 illustrates 
how air flows above such a convex housing 1 during fast level flight. 

[0022] What can also be utilized when steering the aircraft is upper 
guide vanes 8 and lower guide vanes 9 arranged between the housing 1 and 
the air spoilers 6 and 7 as shown in Figures 6 and 7. The guide vanes 8 and 9 
are rotatable about the axis thereof. When steering an aircraft, the adjustment 
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of the blade angles of the fan blades 2 and 3 can be utilized as the function of 
the rotating angle as well as the guide vanes 8 and 9, or if desired only one of 
the two. 

[0023] A solution is also shown In Figures 6 and 7, in which the up- 
per surface of the rear end of the aircraft is provided with suction slots 10. 
From the suction slots 10 the air flow is transferred to a space between the 
outer casing 11 and intermediate casing 12 of the housing, from which the fan 
blades 2 suck air through a suction gap 23. Then the air flow is well maintained 
at the rear surface of the aircraft, in other words the air flow is not loosened 
from the rear surface of the aircraft. 

[0024] Figure 7 also clearly shows that the shape of the air spoilers 
6 and 7 is formed to follow the streamline form of the air flow. Then the air 
spoiler itself causes only a minimal amount of force that resists the flow. If de- 
sired, the air spoilers 6 and 7 can be arranged at least in the front end of the 
aircraft to be at a positive angle of attack in relation to the streamlines, 
whereby the air spoilers 6 and 7 provide lift during level flight. The support 
structures used to fasten the air spoilers 6 and 7 to the housing 1 are also 
most preferably in line with the streamlines, if the support structures concerned 
are flat. 

[0025] Figure 8 in turn shows an embodiment, in which the rear end 
of the aircraft is provided with an additional air spoiler 1 3 that allows maintain- 
ing also the air flow on the rear surface of the upper portion of the aircraft. 

[0026] Figure 9 shows an application, in which the centres of the fan 
blades 2 and 3 form the upper and lower surface of the housing and rotate 
about the centre axis thereof. Thus, an upper calotte 14 and a lower calotte 15 
of the housing are rotatable. Landing feet 16 are fastened to the lower air 
spoiler 7. 

[0027] The upper fan blades 2 may operate during take-off also as 
centrifugal fans, if the blade angle thereof is arranged to be large. Conse- 
quently, rotation is created in the air flow and a low pressure affects the upper 
surface of the housing. Thus the centrifugal force allows the air flow to be di- 
rected upwards, and the flow does not settle against the housing, but a conical 
flow outwards is achieved. 

[0028] The lower surface of the lower calotte 15 can also be pro- 
vided with hydrofoils that lift the bottom of the aircraft above water level, 
whereafter the pressure provided by the fan blades 2 and 3 reaches the bot- 
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torn and lifts the aircraft from water level. 

[0029] Figure 10 shows an embodiment, in which the centre of the 
lower fan blades 3 rotates about an axis 19 between an inner bottom 17 and 
an outer bottom 18. Also in this embodiment, hydrofoils can be arranged below 
the outer bottom 18. The aircraft may rise on the hydrofoils for instance by pro- 
viding thrust with the fan blades 2 and 3. 

[0030] Figure 1 1 schematically illustrates a solution, in which the fan 
blades 2 are fastened from the root thereof to the rotating ring 4. Both the root 
and the tip of the air blades 2 are narrower than the middle part thereof, 
whereby the blade angles of said air blades are adjustable both in the positive 
and negative direction. In order to provide an even flow, the number of fan 
blades 2 and 3 should be significant. The number of fan blades 2 and 3 on the 
rim may range for instance from 24 to 48, but for the sake of simplicity only two 
of the fan blades 2 are shown in Figure 1 1 . Since the ground effect substan- 
tially reduces the need for power, the fan blades may be very short. The length 
of the fan blade 2 and 3 may for instance be 1/10 of the diameter of the hous- 
ing 1. For example, the diameter of the housing 1 may be 5 m, the height of 
the housing 1 approximately 2 m and thus the length of the fan blades is ap- 
proximately 50 cm. 

[0031] When the number of fan blades is significant, the upper rotor 
causes the air in the rotating direction to rotate. Such a rotation can best be 
stopped with a lower blade rim rotating in the opposite direction, in which the 
fan blades are substantially parallel. Consequently, air can be transferred from 
an upper rotor through a lower one. 

[0032] Figure 12 shows an embodiment, in which the fan blades 2 
and 3 are arranged in the form of streamlines. In Figure 12, the root of the up- 
per fan blades 2 is higher than the tip thereof and correspondingly the root of 
the lower fan blades 3 is lower than the tip thereof. The air spoilers 6 and 7 are 
rings fastened at the tips of the fan blades 2 and 3 so that the air spoilers 6 
and 7 rotate with the fan blades 2 and 3. 

[0033] When the fan blade is parallel with the streamline, then only 
a minor angle change of the blade is required to provide a flow component 
parallel with the streamline. Furthermore, in the solution shown in Figure 12, 
the flow flowing near the surface of the housing 1 may flow between the fan 
blade and the housing past the mounting shaft of the blade, in which case the 
root of the blade does not cause flow resistance. Then the fan blades cause 
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very little flow resistance, although the blade angle thereof were zero, mean- 
ing that gust of winds for instance from the side do not substantially cause sta- 
bility problems. Furthermore, the flow can be controlled even when the speed 
of the rotating ring is low in relation to the airspeed, and a minor angle change 
of the fan blade suffices to control the flow. 

[0034] Figure 13 shows a top view of an aircraft and Figure 14 a 
front view of an aircraft, the housing 1 of which is not circular viewed from 
above, instead the housing 1 is elongated. In Figure 14 the air spoilers 6 and 7 
are shown cut open. 

[0035] Figure 15 shows an embodiment, in which the air spoilers 6 
and 7 do not form a uniform ring, as in the previous embodiments. The em- 
bodiment shown in Figure 15 is well suitable to be used for instance in solu- 
tions, where the means for providing circulation are not fan blades 2 and 3 but 
propeller fans arranged between the housing 1 and the deflectors 6 and 7 in 
the housing. 

[0036] Figure 16 schematically illustrates how the air spoilers 6 and 
7 as well as the additional air spoilers 13 are arranged in parallel with the 
streamlines. The dashed lines in Figure 16 illustrate specifically the stream- 
lines of the flow. The shape of the housing 1 mainly determines the direction of 
the streamlines. The direction of the streamlines, or the streamline field, can be 
deformed by blades, fans and air spoilers. 

[0037] Figure 17 shows an embodiment, which comprises several 
upper air spoilers 6 and lower air spoilers 7. In Figure 17 the air spoilers 6 and 
7 are shown cut open. The air spoilers 6 and 7 also operate as a protective net 
around the fan blades 2 and 3. Thus the fan blades 2 and 3 do not cause any 
danger to the surroundings and on the other hand the fan blades 2 and 3 are 
protected from being damaged by branches, birds or other similar external ob- 
jects. The air spoilers 6 and 7 are annular in shape and they may also be very 
narrow. The air spoilers 6 and 7 are arranged in parallel with the streamlines or 
so that they are at a positive angle of attack in relation to the streamlines. 

[0038] Figure 17 further shows that the fan blades 2 and 3 are sub- 
stantially horizontal. Then the centrifugal force is unable to bend the tips 
thereof, which is the case if the position of the blades is different than a hori- 
zontal one. In the situation shown in Figure 17, no supportive ring or the like is 
required at the end of the blades. 

[0039] Figures 18 and 19 schematically shows a solution, in which 
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the means for providing circulation are propeller fans 20. The propeller fans 20 
are arranged about the housing 1 between the housing 1 and the air spoilers 6 
and 7. In Figure 18 the air spoilers 6 and 7 are shown cut open and for the 
sake of clarity Figure 19 only shows some of the propeller fans 20. 

[0040] Figure 20 illustrates a vertical component y of the stream- 
lines. The vertical component yi of the streamline that is close to the housing 1 
is larger than the vertical component y 2 of the streamline that is further from 
the housing. A basic idea is that the fan blades 2 and 3 affect especially the 
speed in direction y of the streamlines. The flow direction is deviated by means 
of the blade angle in particular.. As Figure 20 shows, the need for deviating the 
streamline in direction y at the root is greater than at the tip. The fan blades are 
therefore preferably broader at the roots than at the tips as shown in Figure 21 . 
In Figure 21, the blades illustrated at the top are ideally shaped, but the sym- 
metrical almost triangular blades illustrated lower down in the figure also pro- 
vide a very good solution. Preferably the blades are straight so that the blade 
angle is equal at the root and at the tip, in which case the blade operates as 
desired when the blade angle is turned in the positive direction and when the 
blade angle is turned in the negative direction. 

[0041] Figure 22 shows an application, in which the front end of the 
housing 1 comprises a lower air spoiler 7 and propeller fans 20 below the 
housing. The rear end of the housing comprises an upper air spoiler 6 and a 
lower air spoiler 7 and propeller fans 20 below the housing. 

[0042] The rear end of the housing also includes a return air space 
21 . The upper part of the return air space 21 comprises adjustable flaps 22. 

[0043] The propeller fan 20 allows forming a stagnation point SP 
below the housing 1 of the aircraft, in the middle thereof. The adjustable flaps 
22 are then arranged to allow return air to flow as shown in Figure 22. 

[0044] When diverting to slow level flight, the position of the stagna- 
tion point SP is moved for instance by changing the centre of gravity or by ad- 
justing the rotation speed of the propeller fans 20. Thus, also at the rear end of 
the aircraft the propeller fans rotate in the same direction in Figure 23 as in the 
situation shown in Figure 22 and the adjustable flaps 22 are in the same posi- 
tion, whereby the flow through the return air space 21 is similar to the one 
shown in Figure 22. 

[0045] When diverting to fast level flight, the blow direction of the 
propeller fans 20 at the rear end of the housing 1 is changed to the opposite 



WO 2005/007508 



PCT/FI2004/000416 



10 

one, whereby air flows as shown in Figure 24. The adjustable flaps 22 are then 
turned to direct the air flow through the return air space 21 so that air flowing 
from above the housing may flow through the return air space 21 as illustrated 
in Figure 24. In all. the return air space 21 allows making the air flow optimally 
more efficient in all different operational stages and preventing the flow from 
loosening from the rear end of the housing. 

[0046] The oxygen supply and the cooling in the return air space 21 
are good. The return air space 21 is therefore a good space for example for 
fuel cells functioning as energy sources. 

[0047] The air spoilers 6 and 7 are not necessary, but they are ad- 
vantageous at least for protecting the propeller fans 20. The circulation can 
also be produced using what are known as channel fans provided with a pro- 
tective ring around the propeller. Such a protective ring may also function as 
an air spoiler. 

[0048] The propeller fans 20 can be controlled irrespective of one 
another. If desired the propeller fans can be arranged to rotate in opposite di- 
rections on the right and left side of the aircraft. 

[0049] Figure 25 shows a top view of the aircraft of Figure 22. In 
Figure 25, for the sake of clarity the dashed line illustrates also devices that 
remain invisible beneath the housing and the air spoiler. For clarity, only some 
of the propeller fans 20 are shown. As shown in Figure 25 the housing of the 
aircraft 1 is not symmetrical as regards rotation. In Figure 25, the main flight 
direction of the aircraft is upwards as shown in the figure. The housing 1 that is 
not symmetrical as regards rotation shown in Figure 25 means that the aircraft 
remains extremely stable also without steering. 

[0050] The drawings and the specification associated therewith are 
merely intended to illustrate the idea of the invention. As to the details, the in- 
vention may vary within the scope of the claims. What can therefore be used 
as fan means instead of fan blades and propeller fans to produce circulation is 
any device or equipment suitable for the purpose, if the device or equipment in 
question provides an air flow or a gas flow, whose blow direction and blowing 
force can be adjusted. The housing 1 need not necessarily be more convex on 
the upper surface thereof than on the lower surface thereof. The housing 1 
may therefore be spherical or otherwise symmetrical, since even a symmetrical 
housing may provide lift by controlling the circulation. 

[0051] The fan blades may also be self-steering, in which case the 



WO 2005/007508 



PCT/F12004/000416 



11 

blade angle is automatically directed to the correct position in different opera- 
tional stages, when for instance a change in the manoeuvring speed is 
achieved using the guide vanes. The operation of the self-steering fan blades 
is based on the angles of the mounting shaft and on the location on the blade 
so that the flow turns the angle of the upper fan blades in a negative direction 
in front of the aircraft while the speed increases and the angle of the lower fan 
blades in the negative direction at the rear of the aircraft in a similar situation. 
When the blade angles are arranged to be self-steering, the aircraft can be 
steered for instance by changing the centre of gravity or by turning the guide 
vanes. 

[0052] The air spoilers may also be provided with openings. In addi- 
tion, one or even both edges of an annular air spoiler may be toothed. 

[0053] The aircraft may also function as a dwelling and for example 
solar or wind energy or for instance fuel cells can be used as energy therein. 
The aircraft may utilize wind energy for instance in such a manner that the air- 
craft has landed on the ground and remains stationary while the blade angle of 
the fan blades is arranged such that the wind rotates at least the upper rotating 
ring. Small electric motors should preferably be used as the power source. Fur- 
thermore, linear motor type of rotating and bearing solutions as well as mag- 
netic bearing can further be used. The blade angles can also be controlled by 
a small electric motor connected to a fastening point on each blade or by a 
corresponding electromagnetic actuator. This electromagnetic actuator may 
also operate regeneratively, in other words so that changes in blade angles 
caused by turbulence allow the actuator to produce electric energy. 



